Background-Transforming growth factor-α (TGF-α), a stimulatory growth factor and member of the epidermal growth factor family, is a mediator of oncogenesis and malignant progression in colorectal carcinogenesis. Limited evidence suggests its utility as a growth-related biomarker of risk for colorectal cancer.
Introduction
colorectal cancers arise from polyps, which reoccur over a period of years in nearly half the people who have them removed, suggesting that normal-appearing tissue may retain components of risk (1) (2) (3) (4) . The long, latent, precancerous state characteristic of colorectal cancer and the prevalence of adenomatous polyps make it well suited to mass screening and present opportunities to derail the disease before it starts or to treat it in its earliest detectable stages (4) . Better understanding the complexities of colorectal carcinogenesis coupled with advancements in the measurement of early risk are needed to progress research and practice in the prevention of colorectal cancer (3, 5) .
The earliest phases of colorectal carcinogenesis likely begin in normal mucosa with a disorder of cell replication and renewal, followed by the subsequent appearance of clusters of enlarged crypts showing proliferative, biochemical, and biomolecular abnormalities (2, 6, 7) . Transforming growth factor-α (TGF-α), a stimulatory growth factor and member of the epidermal growth factor family, is an important mediator of oncogenesis and malignant progression (8) (9) (10) (11) . In the gut mucosa environment, TGF-α plays a role in multiple pathways, including stimulating cell proliferation, assurance of cell survival, maintenance of cellular integrity, and response to injury or inflammation (12) (13) (14) .
Within colon crypts, TGF-α expression is correlated with the distribution of proliferating cells and mediated by its interaction with the epidermal growth factor receptor. Under normal conditions, stem and progenitor cells capable of cell proliferation remain located toward the base of the crypt (zone of proliferation), whereas daughter cells of newly divided cells migrate up the crypt wall cease cell proliferation and differentiate into functionally mature cells as they move toward the crypt mouth ( Fig. 1 ; refs. 15, 16) . The zone of cell proliferation may change in response to various exogenous factors (17) .
Dietary and lifestyle modifications have been shown to cause adaptive changes in crypt cell proliferation within the rapidly renewing colon and rectal mucosal crypt epithelium. These exogenous factors work by modulating multiple endogenous factors involved in adaptive crypt changes (8, (18) (19) (20) (21) (22) . To date, limited in vivo evidence is available to suggest that TGF-α may be a potential marker of colorectal cancer risk (13, 23) or that it may be modifiable through aspects of diet and lifestyle (24, 25) . Mechanisms whereby changes in TGF-α expression within the colon may modulate risk remain unclear. To begin to address these issues, we characterized the expression of TGF-α protein within the normal-appearing colorectal mucosa and assessed its association with adenoma and other risk factors for colorectal cancer in a pilot case-control study.
Materials and Methods
The Markers of Adenomatous Polyps II (MAP II; 2002) study was a community-and colonoscopy-based case-control study of incident sporadic colorectal adenomas designed to investigate whether the expression patterns of various genes and cell cycle markers in normal-seeming rectal mucosa are associated with adenomas and thus can be possible biomarkers of risk for colorectal neoplasms. Participants in the study were recruited upon referral for routine outpatient elective colonoscopy at Consultants in Gastroenterology, PA, a large private practice gastroenterology group in Columbia, SC. English-speaking adults, with ages 30 to 74 y and capable of informed consent, were eligible to participate. Subjects were excluded if they had previous adenomatous polyps, familial adenomatous polyposis, inflammatory bowel disease, incident colorectal cancer, or prevalent cancer other than nonmelanoma skin cancer. Of the 351 patients identified over a 5-mo period, 305 (86.6%) were eligible to participate upon initial recruitment screening. Of these, 232 (76%) were successfully contacted and provided informed consent before colonoscopy. Of the 203 (87.5%) who met final eligibility criteria, 87 (42.8%) had polyps, of whom 49 (56.3%) had adenomas (overall adenoma prevalence, 24.1%). Thus, the final sample size of 203 was composed of 49 cases (24.1%) and 154 controls (75.9%). Five participants were later excluded because of missing questionnaire data or implausibly low (<600 kcal/d) or high (>5,000 kcal/d) self-reported total energy intake. Hyperplastic polyps were not considered in the criteria for study inclusion or exclusion or in the assignment of case-control status. The final sample for the main study included 198 participants of whom 49 were incident sporadic adenoma cases. Because of limited tissue availability for the multiple biomarkers under investigation, from the entire study population, a subsample consisting of the first 31 cases and 29 controls with adequate slide samples and staining was selected for TGF-α analysis.
Data Collection
Before undergoing colonoscopy, participants completed mailed questionnaires eliciting selfreported demographics, medical history, anthropometrics (26) , diet, and lifestyle characteristics. Information collected included family history of polyps or colon cancer, reproductive and hormonal history, alcohol and tobacco use, use of medications such as aspirin and other nonsteroidal anti-inflammatory drugs (NSAID), medical conditions, and reasons for and the sequence of events leading to colonoscopy. Physical activity was assessed using a modified Paffenbarger (27) questionnaire. Diet and nutritional supplement information was obtained using a modified Food Frequency Questionnaire (28, 29) .
Colonoscopy, Pathology, and Tissue Collection
Colonoscopy of all participants was done in the usual manner following a 12-h fast and polyethylene glycol bowel cleansing preparation. All participants had six "pinch" biopsies taken from the normal-appearing rectal mucosa (10 cm above the anus). On 20% of the participants, biopsies from the midsigmoid and proximal ascending colon were also collected. No biopsies were taken within 4 cm of a polyp or tumor. For any polyp removed at colonoscopy, colon site, in vivo size, and shape were recorded and histologic information was further reviewed by the study index pathologist according to the protocol developed by the National Polyp Study (30) .
Laboratory Methods
All biopsy specimens were fixed with 10% normal buffered formalin for 24 h then stored in 70% ethanol. Within a week, the specimens were processed and embedded in paraffin blocks with three biopsies per colon site per block. The paraffin blocks were then cut into 3-µm-thick sections, with each level 40 µm apart. Five slides with four biopsy levels each were processed and stained within 7 d of being cut, yielding a total of 20 biopsy levels per patient. The slides underwent immunohistochemical processing using a DAKO Automated Immunostainer (DAKO Corp.), Leica H&E Autostainer, and Leica CV500 Coverslipper (Leica Microsystems, Inc.). First, TGF-α antigen was unmasked via a heat-induced epitope retrieval procedure by placing the slides in a preheated Pretreatment Module (Lab Vision Corp.) with 100× citrate buffer (pH 6.0, DAKO S1699) and steamed for 40 min. Then, the slides were immunohistochemically processed using an anti-TGF-α antibody (Neomarkers MS1000P) in a 1:50 dilution, a DAKO LSAB2 detection kit (DAKO K065), and 3,3′-diaminobenzidine (DAKO K3466) as the chromogen. Slides were not counterstained. Positive and negative control tissue (tonsil) slides were processed and stained with each batch of patient samples and treated identically, except that antibody diluent was used rather than primary antibody on the negative control slide.
Image Analysis
The basic scoring method (Fig. 2) used to describe and quantify various characteristics of the labeled antigens in the colon crypts is an image analysis scoring procedure for antigens that are labeled with a wide range of intensities in gradient distributions along the crypt axis (31) . Methods and staining protocols are fine-tuned to achieve ideal staining quality within the tissue for quantification using our custom-designed plug-in into ImagePro Plus image analysis software (Media Cybernetics, Inc.), a light microscope, digital camera, and drawing board. The scoring and analysis unit is a hemicrypt, defined as one side of a colonic crypt bisected from its base to its gut luminal surface. Intact i.e., crypts (that is, extending from the muscularis mucosae to the gut lumen) are analyzed in a systematic and reliable process by a trained technician (intrarater reliability; intraclass correlation r ≥ 0.9).
In brief, the technician reviews the slides and selects 2 of 3 biopsies on which 16 to 20 "scorable" hemicrypts per biopsy (32 per patient) can be obtained. The technician is guided through the scoring protocol by the computer software with background correction images obtained for each slide. Hemicrypts are manually traced by the technician and divided by the software into a number of segments corresponding in width to an average normal crypt epithelial cell (Fig. 2) . Overall hemicrypt-and segment-specific optical signal densities are then calculated by the software and stored into a Microsoft Access database along with various dimensional parameters of the hemicrypt. All images are obtained at 200× magnification and stored as 16-bit grayscale 1,600 × 1,200 pixel images.
Statistical Analysis
Cases included participants with pathology-confirmed, incident, sporadic colorectal adenomas, regardless of their number, shape, type, degree of dysplasia, or location. Participants free of adenoma upon colonoscopy were considered controls. Baseline characteristics for the MAP II study population (49 cases and 149 controls) and the subsample of participants for whom slides were immunohistochemically processed for TGF-α (31 cases and 29 controls) were examined to assess the potential for confounding and comparability between the main study and biomarker subpopulation. Analysis of covariance was used for continuous variables and adjusted for age and total energy intake (both continuous), as appropriate. Fisher's exact test or χ 2 test was used for categorical variables as appropriate. Nutrients were adjusted for energy according to the residual regression method of Willett and Stampfer (32) . All statistical analyses were conducted using SAS version 9.1 software (SAS Institute).
The primary biomarker variable of interest was the staining optical density for TGF-α expression within crypts of the rectal mucosa and its association with adenoma. Although the immunohistochemical procedures were fully automated, there was some variability between staining runs or batches. Therefore, biomarker values were standardized for staining batch by taking the value in each individual divided by the mean of the staining batch in which the individual's sample was processed. Densities from control tissue (tonsil) slides run with each batch to ensure staining quality were considered when combining batches (as little as possible) to create more balanced subgroups. The batch-standardized primary biomarker variables adequately met multiple regression assumptions as evaluated by residual linear regression plots and diagnostics. No influential observations were detected (33) . In sensitivity analyses, other methods for batch adjustment (e.g., adjusting for staining batch as a fixed covariate in statistical models) were investigated. Because these other methods did not yield materially different results and simulation analyses indicated they introduce more potential bias, only the results based on the batch standardization procedure described above are reported.
We investigated the distribution of TGF-α expression graphically along the axis of colon and rectal crypts. Crypt divisions or cells ( Fig. 1) were first standardized to 50 divisions per hemicrypt, averaging measurements within each division across all crypts separately for each patient, and adjusted for possible batch effects as described previously. Descriptive plots were created using nonparametric smoothed (locally weighted scatter plot smoothing) procedures separately in cases and controls to depict TGF-α distribution from crypt base to apex.
The mean marker amount refers to the overall expression across rectal crypts for each patient and was calculated by summing the staining densities from all analyzed crypts from the biopsy specimens and dividing by the number of crypts analyzed. Measures of withincrypt expression or distribution of the marker (e.g., expression in sections from the lower 60% or upper 40% of the crypt) were also calculated for each patient by taking the mean of the biomarker densities from sections in the lower 60% of crypts or in the upper 40% of crypts and constructing ratios of these means.
We used analysis of covariance methods to determine adjusted proportional differences in mean marker amount, standardized for batch, in cases versus controls. All estimates were adjusted for age and sex as fixed covariates. In secondary analyses, we also examined means in a subgroup of patients (10 cases and 10 controls) with biopsy samples from the ascending and sigmoid colon in an equivalent manner.
Diet and lifestyle covariates considered in analyses were selected following a literature review of potential risk factors for colorectal neoplasms. Continuous exposures were converted to a dichotomous (high, low) variable based on the median value (sex-specific for nutrients) in all 149 controls from the main MAP II study.
Bivariate analyses to evaluate TGF-α expression in the rectum according to diet and lifestyle characteristics was conducted in all 60 individuals, as well as among cases and controls separately. We used analysis of covariance to compare adjusted means for TGF-α expression according to high versus low levels of risk factors. All values were standardized for staining batch as described previously and adjusted for age, sex, energy, and case-control status as appropriate. Diet and lifestyle risk factors with notable differences in bivariate analyses were further evaluated as confounders in analyses for investigating adjusted associations between biomarker levels and adenoma.
The odds ratio with 95% confidence interval (95% CI) was calculated as a measure of association of incident sporadic adenoma with continuous batch-standardized biomarker expression using standard logistic regression modeling methods for case-control studies. Covariates in small multivariate logistic regression models of the association of incident sporadic adenoma with TGF-α expression in the rectum were carefully selected based on biological plausibility, strength of confounding, and consideration of highly correlated variables.
Results
Selected characteristics of cases and controls are presented in Table 1 . On average, cases were more likely to be smokers, less likely to take NSAIDs regularly (once per week or more), and had higher total energy intake than controls. Unexpectedly, controls had lower physical activity levels and were more likely to have a first degree relative with a history of colorectal cancer. Female cases were more likely to use hormone replacement therapy. None of these differences were statistically significant. Baseline characteristics in all cases and controls (not shown) were comparable with those of this subpopulation.
The distribution of TGF-α expression (staining optical density) within normal-appearing rectal crypts for cases and controls is presented in Fig. 3 . TGF-α expression appeared to be highest at the base of the colorectal crypt and appeared to decrease moving up the crypt toward the colon lumen (Fig. 1) . Throughout the crypt, expression of TGF-α appeared to be higher in cases than controls.
Average TGF-α expression throughout the rectal crypts (Table 2 ) was 51% higher in cases than controls (age-and sex-adjusted proportional difference; P = 0.05). There was a greater difference in total TGF-α expression among female cases and controls than among males, but associations in both sexes were in the same direction (P interaction not significant, data not shown). There was also some evidence of differential risks by NSAID use, but the test for interaction was not statistically significant (P = 0.28). Among persons not using NSAIDs, TGF-α expression was 57% higher in cases than controls (P diff = 0.12), whereas among persons using NSAIDs once per week or more, there was no difference between cases and controls (P diff = 0.98; data not shown). Strong, statistically significant casecontrol differences were apparent in the lower 60% and in the upper 40% zones of the crypt ( Table 2) . TGF-α expression in the normal rectal epithelium was directly associated with case-control status (adenoma) in the entire crypt (odds ratio, 2.23; 95% CI, 0.98-5.07), as well as in the lower 60% (odds ratio, 2.16; 95% CI, 1.11-4.17) and upper 40% (odds ratio, 2.12; 95% CI, 1.03-4.38) of the crypts.
We were unable to replicate differences seen in the rectal tissue among the small subset of ascending and sigmoid colon samples (data not shown). For both colon sites, cases had slightly lower TGF-α expression (10-20%) than controls, but these findings were not statistically significant (P > 0.60).
When investigating the potential relationship between diet and lifestyle risk factors and TGF-α expression (Table 3) , we found that TGF-α expression was 79% higher among subjects with a positive family history of colorectal cancer (P = 0.02), 36% lower in persons regularly taking NSAIDs (P = 0.05) and 49% lower among women who used hormone replacement therapy (P = 0.06). Among persons free of adenoma at colonoscopy (controls), TGF-α expression was 28% lower among persons with a high physical activity level (P = 0.22), 58% higher in persons with high sucrose intake (P = 0.07), and 31% lower in persons with high fruit and vegetable intake (P = 0.16). Differences across cases and controls, examined separately, seemed to be in the same direction as with cases and controls combined and adjusted for case-control status.
We investigated associations between TGF-α expression and risk for adenoma in multivariate models adjusted for risk factors that were suggested as potential confounders by the analyses presented in Tables 1 and 3 . Case-control differences were attenuated when adjusted for NSAID use and strengthened when adjusted for total energy intake and/or family history of colorectal cancer (Table 4) . Estimates were not strongly affected by inclusion of other risk factors in the models. In the multivariate-adjusted model, higher TGF-α expression in normal-appearing rectal tissue was associated with a 3-to 4-fold increased risk for adenoma (odds ratio, 3.75; 95% CI, 1.18-11.98).
Discussion
In the MAP II study, expression of TGF-α, an autocrine-paracrine growth factor of the epidermal growth factor family (8-11), was statistically significantly higher in normalappearing rectal tissue from adenoma cases than from controls. These associations persisted following adjustment for potential confounders (that is, risk factors for colorectal neoplasms that also seemed to be associated with TGF-α levels). TGF-α expression varied significantly across key risk factors for colorectal neoplasms. Although our results are preliminary and require further validation, they suggest that higher TGF-α expression in the normalappearing colorectal mucosa may indicate an at-risk phenotype, which may also be modulated by risk factors or behaviors believed to be important for the prevention of colorectal neoplasms. These findings support the potential for TGF-α as a modifiable biomarker of risk for colorectal cancer.
Basic science evidence strongly supports a progrowth and hyperproliferative mechanism in colon carcinogenesis with elevated TGF-α expression in colon adenoma and adenocarcinomas (13) . Identifying at-risk molecular phenotypes is critical to advance the understanding of how colorectal cancer develops and how to target risk at a reversible stage. Early growth-related changes in the normal colorectal mucosal crypt epithelium appear to precede or at least accompany the development of polyps or cancer and thus may have value as a predictive or diagnostic marker (34-39), yet there are few human studies on TGF-α expression in normal-appearing colon or rectal crypts of persons at varied risk for colorectal neoplasms (24, 25) . To begin to address these needs, we characterized and quantified phenotypic expression patterns of TGF-α in normal-appearing rectal tissue and detected significantly higher levels in persons at increased risk for colorectal cancer (persons with adenomatous polyps as compared with polyp-free controls). The clear difference in the magnitude of total TGF-α expression between cases and controls was reflected in the parallel distribution of expression within crypts in normal-appearing tissue from adenoma cases compared with adenoma-free controls. We found TGF-α staining in the cytoplasmic region of colonocytes in the rectal crypts to be slightly higher at the base of the crypt and throughout the proliferative zone with strong case-control differences in TGF-α expression maintained throughout the crypt, including the upper portion of the crypt, believed to be the zone of differentiation. Preliminary studies from other groups showed denser TGF-α staining expression in the upper one-third to two-thirds of colonic crypts (8, 24, 40) . Discrepancies in characterization of the localization of TGF-α in colon crypts may be due to differences in tissue fixation, processing, staining, or quantification methods. We are the first to use our custom image analysis program, which allows us to quantify average expression and section (cell)-specific expression for each crypt analyzed (32 hemicrypts per patient × 60 patients), as well as measure subtle gradients not quantifiable by other methods. Our findings seem more plausible for TGF-α, an early stimulator of growth and proliferation, because we found the greatest level of expression near the base of the crypt or proliferative zone.
Little is known about the effects of diet and lifestyle behaviors on TGF-α signaling in the colon; therefore, we investigated whether the expression of TGF-α in normal-appearing rectal tissue varied across plausible risk factors for colorectal neoplasms. We found TGF-α expression to be associated with a family history of colorectal cancer or adenomatous polyps in a first-degree relative(s), NSAID use, and hormone replacement therapy use in postmenopausal women. Despite strong plausible evidence for these risk factors (41) (42) (43) , the mechanisms whereby they modulate risk within the colon remain unclear. Animal and human studies have shown that manipulation of diet and other lifestyle exposures result in adaptive changes in the colon crypt epithelium and in TGF-α expression specifically (17, 21, 22, 24, 25) . Our preliminary findings suggest that TGF-α levels may vary according to modifiable dietary risk factors (intake of sucrose, low-fat dairy, fruits, and vegetables), and although, in this small sample, few differences were statistically significant, many are consistent with current hypotheses about diet, growth, and colorectal cancer (7,14,17,20, 24 ,25,35,44-48) . Furthermore, associations between TGF-α expression and risk for adenoma were strengthened following adjustment for risk factors, suggesting that a person with elevated TGF-α levels could further increase or decrease their probability of being a case (that is, risk for incident sporadic colorectal adenoma) based on their history of risk behaviors, such as use of NSAIDs or total energy intake. The efficacy of NSAIDs in preventing colorectal adenoma is well-documented (49) (50) (51) , and other investigators found decreased staining for TGF-α in the rectal mucosa of patients with a history of adenoma treated with aspirin (25) . Rodent studies also support total energy restriction to reduce cellular growth (52) (53) (54) . Beyond modifiable risk factors, such as diet and lifestyle, elevated expression of TGF-α in normal-appearing tissue from persons with a family history of colorectal cancer emphasizes the importance of regular monitoring and screening for highrisk persons and the imminent need for early biomarkers of risk. Our group is currently evaluating the effect of supplemental calcium and/or vitamin D on TGF-α expression and other markers to further develop and validate our biomarkers of risk panel and determine whether the markers are treatable.
The MAP II project had several major strengths including of the use of new technologies and integration of laboratory, clinical, and epidemiologic methods. Moving beyond cell culture studies and gene arrays, expression of genes (phenotype) in colon tissue, particularly within the structure of colon epithelial crypts, provides more relevant information about early tissue-level changes and the progression toward carcinogenesis, which is the result not only of genotype but also of epigenetic influences, gene-gene interactions, geneenvironment interactions, and complex multigene-multienvironment interactions. However, results of this novel but small pilot study should be viewed and interpreted with caution. We were not able to address multiple confounding effects or interactions, and some covariate categories were restricted to a small number of individuals. Larger samples, representative of the population at large, will be needed to validate these findings. Nor were we able to adequately address TGF-α expression in more proximal sites of the colon. However, the study size was sufficient to begin to accomplish our objectives of obtaining preliminary estimates to provide direction for future study. Other limitations included those inherent to case-control studies in general and colonoscopy-based case-control studies of adenomas in particular. Cases and controls may not be representative of the population at large because they were selected from among individuals referred for routine colonoscopy screening and thus may have been at potentially higher risk for colorectal neoplasms. Knowledge of the postulated diet and lifestyle associations with colorectal cancer are likely to have been available and of interest to this population. The most likely product of these biases is that controls were more similar to cases, leading to an underestimate of true risk. However, a major strength of this investigation is that controls were derived from the population that gave rise to cases, and the potential for differential reporting bias was limited by obtaining self-reports of exposure prior to colonoscopy and diagnosis of adenoma.
As a retrospective evaluation of risk factors and cross-sectional investigation of the biomarker-disease relationship, the design of our pilot study does not allow us to determine causal associations with diet or with adenoma i.e., progression (that is, which came first, the biomarker or the neoplasm). However, to learn whether or not the biomarker is associated with the presence of a neoplasm, temporality is irrelevant, and there is negligible misclassification of neoplasm status with a colonoscopy-based design. Although it is of relevance primarily to etiology and risk assessment, it is not unlikely that, considering that patients going to colonoscopy are likely at higher risk, some patients who received colonoscopies and are classified as controls will later develop neoplasms and therefore have biomarker profiles similar to those of cases. The latter limitation would tend to attenuate true associations; however, despite this potential limitation, our preliminary data suggest that there may be substantial, biologically plausible, and statistically significant differences between cases and controls. Although our results seem promising and informative of the potential mechanisms involved, further research is needed to clarify whether TGF-α expression in colorectal crypts is predictive of relevant precancerous changes leading to the appearance of colorectal neoplasms.
Results illuminating potential associations between TGF-α and diet and lifestyle risk factors suggest that larger studies of similar design to assess biomarkers of risk may elucidate poorly understood diet-cancer mechanisms. Although convincing human evidence is needed, large prospective studies are challenging and costly in cancer research due to the temporality of the exposure-disease relationship and the lack of biomarkers of risk to advance research in this area. In the future, a panel of biomarkers for colorectal cancer could serve as an end point in relatively short-term prospective studies and chemoprevention trials to investigate promising diet and lifestyle exposures and to make vital progress in colorectal research and prevention. Colon crypt model. Molecular phenotyping is conducted by detecting the expression of various genes using automated immunohistochemistry (1) . The detected expression of the genes in the tissues is quantified using custom-designed quantitative image analysis software, which measures and quantifies total expression, as well as the architecture or tissue distribution of the expression. Guided by the program, the technician selects and traces a hemicrypt (2) ,then the automated system divides the selection into a number of sections representing the width of an average colonocyte from the crypt base to the apex (3) and records the staining optical density. Distribution of TGF-α expression throughout colon crypts in incident sporadic colorectal adenoma cases and controls, MAP II. Cells from the base to the opening of the crypt (proliferative zone to zone of differentiation) are presented on the X axis; Y axis, batchstandardized staining optical density; circles, measures in cases; squares, measures in controls; points, the average of all patients' hemicrypts at a standardized crypt section or location; smoothed lines, the best fit for the data. * Mean ± SE presented unless otherwise specified. † Fisher's exact for categorical variables; P diff (ANCOVA) for continuous variables; adjusted for age and total energy intake as appropriate. ‡ Total intake (diet + supplements) adjusted for total energy intake.
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Physical activity and total energy intake mutually adjusted for each other. ¶ Nutrient values residual energy-adjusted + total energy intake covariate; cut points based on sex-specific medians in all controls.
Table 4
Adjusted associations for TGF-α expression (staining optical density) in the normal-appearing rectal mucosa of incident sporadic colorectal adenoma cases and controls, MAP II (Table 1, Table 3 ). Batch standardized as individual value divided by batch mean; full crypt values.
*
Mean staining densities and SEs. † Difference between means (cases − controls) divided by mean in controls × 100%. ‡ Difference P value for comparison of means (analysis of covariance). § Association between TGF-α expression (as a continuous variable) and adenoma (relative odds of being a case).
‖
All estimates adjusted for age and sex and other covariates as specified; total energy intake modeled as a continuous variable.
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